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The main purpose of the present study was to obtain indirect information concerning 
brain edema or increased vascular permeability under hypertensive conditions by examing 
morphological changes in SHR brains, particularly enzymatic responses of astrocytes in the 
white matter. Histochemical reactions for oxidoreductases, such as NADPH2-, NADH2-
tetrazolium reductases and succinate dehydrogenase were performed on SHR brains of 
various ages. 
ln the hypertensive rats, increased enzyme activity was observed in astrocytes, parti-
cularly in the white matter. This activation of astrocytes appeared at 12・13weeks of age 
and increased with advancing age. Besides these activated astrocytes, degenerated astrocytes 
possessing round short processes (clasmatodendritic astrocytes) were observed in the white 
matter with edematous or cystic changes in SHR. These findings suggested some intimate 
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素組織化学 2)Hematoxylin Eosin (H. E.）染色，







dry ice lζて凍結后， cryostatlζて15μ ＇ζ薄切した．
Oxidoreductase (0.R.）として NADH2-, N ADPH2-
tetrazolium reductase, succinate dehydrogenase IC 
対する反応を Pearse法〔1972〕30）にもとづきおζな

















NADPH2 tetrazolium reductase, Succinate dehy・ 
drogenaseの各酵素ではほぼ同様の反応傾向を示した












(weeks〕（grm) I (mmHg) (we制（g叫（m
一一一一
SHR 1 5 I 100 110 
SHR 2 7 ' 160 150 
SHR 3 7 180 165 
SHR 4 8 190 180 
SHR 5 10 230 200 
SHR 6 10 280 210 
SHR 7 12 180 220 
SHR 8 12 240 190 
SHR 9 13 : 230 220 
SHR 10 13 260 210 
SHR 11 13 220 220 
SHR 12 15 220 220 
SHR 13 16 220 220 
SHR 14 16 320 220 
SHR 15 17 250 230 
SHR 16 17 220 220 
SHR 17 18 300 210 
SHR 18 20 300 220 
SHR 19 20 290 230 
SHR20 22 300 190 
SHR21 25 330 220 
SHR22 34 300 250 




















もiVKY2 140 100 
もiVKY 3 180 110 
明TKY4 8 220 120 
WKY 5 9 245 120 
WKY 6 10 250 110 
WKY 7 10 260 130 
WKY 8 10 270 110 
WKY 9 11 320 120 
WKY 10 12 310 110 
WKY 11 12 280 120 
WKY 12 12 290 120 
WKY 13 13 350 115 
WKY 14 13 350 120 
WKY 15 13 330 110 
WKY 16 14 330 110 
WKY 17 15 350 120 
WKY 18 17 360 115 、iVKY19 20 340 120 
WKY 20 22 410 120 
WKY 21 24 390 110 
WKY 22 35 370 120 
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Fig. 1 White matter from a 12-week old control rat. Cell bodies and fine vascular feet of astrocytes 
are clearly demonstrated by blue formazan precipitates. Capillaries also show positive activity. 
N ADPH2-tetrazolium reductase.×200. 
Fig. 2 Subcortical white matter from a 13-week old SHR. Increased oxidoreductase activity, hyperplasia 
and hypertrophy of astrocytes are prominent. Increased activity of endothelial cells is also 
noticed. NADPH2-tetrazolium reductase. x 100. 
Fig. 3 White matter from a 34-week old SHR. Enlarged cell bodies and vascular feet are clearly 
demonstrated by blue formazan precipitates. N ADPH2 tetrazolium reductase. x 100. 
Fig. 4 Increased activity of oxidoreductase from astrocytes stil remains in a 45-week old SHR. 
Processes of the astrocytes have a fibrillary appearance. NADPH2-tetrazolium reductase. 
xlOO. 
Fig. 5 Increased oxidoreductase activity in the endothelial cells of astrocytes in the white matter 
from a 13-week old SHR. Oxidoreductase activity of pericytes is also increased. N ADPH2-
tetrazolium reductase. X 100. 
Fig. 6 Many degenerating astrocytes possessing round short-cell processes in the edematous white 
matter from a 15-week old SHR. N ADPH2-tetrazolium reductase. x 100. 
Fig. 8 White matter from a 20-week old SHR. Edematous changes and cellular hyperplsia are 
prominent. H. & E. stain x 100. 
Fig. 9 White matter from a 34-week old SHR. Hyperplasia and hypertrophy of astrocytes are noticed. 
Silver impregnation. x 100. 




dendrosis突起破壊症〉や， OR.活性の弱L、やや小型 生后13～15週令の SHRlこて， O.R.活性の高い
の丸型細胞が多数出現していた． Astrocyteを認める様になり，生后20週令以上では全
Interfascicular oligodendrocyteのO.R.活性につい 例に酵素活性の充進した Astrocyteを認めた． ζの
では，縦lζ配列した Oligodendrocyte列の活性は幼若 Astrocyteは血管変化のない場合には皮質表層や，皮
SHRでは対照ラ γ トとほぼ同様の強さであったが， 質深層の白質との境界部分lζ多く出現したが，血管変




なり，酵素活性の冗進した Astrocyteが多数出現して 皮質の血管，神経細胞， Neuropilの変化としては，
いる場合には Oligodendrocyte列は消失しているζと 生后13週令以降の SHRの Neuropilは皮質一白質境
が多かった． 界部でやや O.R.活性の低下する傾向にあった．生后
血管壁における O.R.活性lζ関しては，生后13週令 20週令までの SHRでは，一例に著明なMicroaneury-
位の例から毛細血管一細動脈レベルの血管lζて，散在 sm形成を認めた．（生后15週令例〉．生后25週令以降で
性lζ内皮表面における酵素活性の冗進しているのが認 は全例lζ血管壁の肥厚，血栓化，出血巣などが認めら
められた.Pericyteでの OR.活性も冗進しており血 れた．乙れらの血管周辺の皮質では Neuropilの O.R.
管壁周囲には， O.R.活性強陽性で，数本の Vascular 活性は低下，消失する傾向にあった．同部ICは酵素活




る傾向にあった との Cyst近傍では退行性変化を示 素組織化学的所見をまとめると表2のようになる．
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Table 2 Oxidative enzyme activity in astrocytes in SHR 
Animal age 
(weeks) i s i 1 ! 1 I s ! 10 i 10[ 12i 12, 13J 13 I 13! 1s ¥ 
! IA≪。y旬 l++lH+・JI…roe向 l0l0l0l0l0l0Ii i"I一1 +11一・！，I一・1°11一11°1一1一
昭 in w…ter l - / -i-1-/-/-1-1E1- 1 ~1- 1 ~1-1 EI 一川－1E1~1E1E1~1~
出叫es l-!-1-1-1-1－ト1-1-1-1-111-1-1-1-/-I ITl-ITl~I~ 
Oxidative enzyme activity : 
-1 : decreased 
0 : normal 
+ 1 : slightly increased 
+ 2 : moderately increased 




















I . Specific gravity i去による脳浮腫の測定





Vascular changes & changes in white matter 
E: edema 
C : cyst formation 
T : thrombosis 
A : aneurysm 
B : bleeding 





















































Fig. 7 a. Myelin sheath from a 20-week old control rat. Clear and regular arrangement of myelin 
sheath can be seen. L. F. B. stain X 10. 
Fig. 7 b. Myelin sheath from a 25-week old SHR. Changes of myelin sheath can be found at the 
parasagittal subcortical white matter. L. F. B. stain x 10. 
いるζとを示すものと考えられる． Astrocyteが脳内のイオンや水の輸送lζactiveiζ関与
脳内 Astrocyteにおける O.R.活性は正常では低い するζとは種々の実験によって証明されており10），水
とされており2)8＞，今回の研究でも対照ラットでは同酵 分の取りζみの増加にともなって Astrocyteの腫大，
素活性は低いζとが確認された．しかし，種々の病的 酸素消費の増大およびζれらの代謝過程lζ関与する諸
状態一一Tumor2>34>,Ischemia3'23>, Trauma2> Arterios- 酵素の活性上昇が生じるとともよく知られた事実であ
clerosis9>, Cold inj ury27l32Jー ーの場合IC, Astrocyte る4)20）さらに脳浮腫液の吸収処理過程にも Astrocyte
は腫大するとともに， ζの O.R.活性が著明に冗進す が activeIC関与しているのではないかと考えられて
るζとが確認されている．とれらの病態の多くに脳浮 いる加ー
























































































riopathic demenntia, multi-infarct dementia, arte・ 
riopathic Parkinsonismなどの病態はいづれも高血圧
との関連が想定されているが，いまだ適当な実験モデ
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In normal condition, ions and water are 
supposed to be resolved in one way through 
the extracellular space into CSF spaces by 
bulk flow, and in another way by astrocytes 
into blood vessels or CSF spaces. 
Fig. lOb. 
In mild edema, increased pinocytosis or 
other unkown causes bring many edema 
fluids, which are resolved in one way by 
bulk flow, and in another way by activated 
astrocytes with increased oxidoreductase 
activity and mitochondria. 
Fig. lOc. 
In chronic and severe edema, numerous 
edema fluids are situated due to damaged 
BBB. Deterioration of the function of astro-
cytes and destruction of astrocytes ( clas-
matodendritic astrocytes) seem to take 
place and this in turn may accelerate ede-
matous or cystic changes in the white 
matter. (Arrows show the passage of ex-
travasated, edema fluids.) 
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